The analysis of phytoliths, pollen, charcoal and other macroremains was carried out in the neolithic shelter of ''La Grande Rivoire'', Vercors massif (French Alps). The results show the predominance of tree species, in the form of phytoliths, clustered pollen, stomata, small branches charcoal, needles, bark, buds. The practice of leaf fodder is already known in the alpine and circum-alpine area from archaeological and historical sources. The analyses of the neolithic dung levels of ''La Grande Rivoire'' illustrate the use of leafy and flowering tree branches as fodder. The results also suggest that some species were used for special purpose in relation with the tending of livestock (litter, dietary supplement, veterinary practices).
Introduction
Numerous sites in southern France and the western Mediterranean, especially caves and shelters, have provided evidence of herds penning since the beginning of Neolithic (Beeching, 2003; Brochier and Beeching, 2006) . Penning can be evidenced by sedimentological features, such as the presence of spherulites, phytoliths and/or coprolites (Brochier, 1983 (Brochier, , 2005 . Spherolites are calcite particles produced in the stomach of some ruminants. They are abundant in faeces, and their concentration in archaeological sediments, linked with the accumulation of excrements, is usually interpreted as sheep/goat penning (Brochier, 1996; Canti, 1999) . Archaeozoological data, such as the presence of shed milk teeth or the age-at-death profiles, can also support this interpretation (Helmer, 1984; Helmer et al., 2005) . Pollen, phytoliths, as well as charcoal and other plant macroremains found in prehistoric pastoral sites can reveal livestock diet and the bringing in of various plant products for pastoral purposes (litter and/or fodder).
On both sides of the middle Rhône Valley, several archaeological sites known as ''grottes-bergeries'' (sheepfold caves) were discovered (Fig. 1) . These are often dated to the Middle Neolithic (Chassé en Culture, around 4400-3500 cal B.C.), even if the first occurrences belong to the Early Neolithic. They are characterised by a complex stratigraphy of partially burnt dung levels. This is the case of Antonnaire (1172 m a.s.l.), Tune de la Varaime (1400 m), Courtinasse (1385 m), Reychas (800 m), Trou Arnaud (700 m), Coufin (580 m), Beaume Sourde/Beaume Claire (300 m), Baume de Ronze (280 m) (Beeching and Moulin, 1983; Beeching, 1994, 2006; . Several archaeobotanical analyses are available: they concern Antonnaire (Argant et al., 1991) , Courtinasse (Thié bault, 1999) , Coufin (Thié bault, 1988) , Beaume Sourde/Beaume Claire (Heinz, 1990) . According to these studies, all the vegetation levels have been exploited around the caves. Pollen and charcoal analyses suggest on the one hand supply of leaf fodder from beech (Fagus sylvatica), elm (Ulmus sp.), oak (Quercus sp.), hazel tree (Corylus avellana), fir (Abies alba) or ash (Fraxinus excelsior) , and on the other hand grazing in more open areas, as shown by the presence of pollen from taxa like juniper (Juniperus sp.) or pine (Pinus sp.).
On the site of ''La Grande Rivoire'' (Sassenage, Isè re), located in the Vercors massif, the presence of thick layers of dung dated from the Neolithic enables a multidisciplinary approach including sedimentology, archaeozoology, archaeobotany, parasitology, and multiple radiocarbon dates. This paper focuses on the first results of archaeobotanical analyses, including microremains such as phytoliths (C. Delhon) and pollen (J. Argant), as well as charcoal (S. Thié bault) and other plant macroremains (L. Martin). The confrontation of the various data sheds light on the way shepherds kept and fed the flock, in relation with the available plant resources.
The site of ''La Grande Rivoire''
''La Grande Rivoire'' (Sassenage, Isè re) is a rock shelter situated at 580 m a.s.l. in the north of the Vercors, a subalpine massif of the northern French Alps (45 12 0 N/5 38 0 E). Facing south, at the bottom of a limestone cliff (Fig. 2) , the site is located at the current transition between the collinean level, which corresponds to the pubescent oak series (called ''sé rie delphino-jurassienne''), and the mountain level, which corresponds to the mesophilic beech series (Ozenda, 1985) . This ecotone situation is further accentuated by Mediterranean influences, as shown, for example, by the presence of Spanish juniper (Juniperus thurifera) one tree of which is currently growing on the cliff above the shelter.
The site presents a 5-m thick stratigraphy, from the Middle Mesolithic to the Roman period, excavated between 1986 and 1994 by R. Picavet (UMR 6636 CNRS ESEP, Grenoble, France), and since 2000 under the supervision of P.-Y. Nicod (Laboratory of Prehistoric Research and Peopling History, Department of Anthropology and Ecology, University of Geneva, Switzerland) and R. Picavet (Nicod and Picavet, 2003; Picavet, 1999) .
The Neolithic sequence is mainly constituted of the superposition of several layers of fossil ''dung''. These dung layers are characterised by the succession of three main facies (sedimentological analysis: J.-L. Brochier, in Nicod et al., in press ): silty unburnt and organic sediment; partially burnt and coal-like sediment; burnt and ashy sediment. The archaeozoological analysis shows that ovicaprids dominate the domestic spectra, even though cattle and pig are present. Due to their fragmented state it has rarely been possible to attribute the ovicaprid bones to a precise species. Nevertheless, it must be noticed that all of the identified remains belong to goat (Capra hircus) (archaeozoological analysis: L. Chaix, in Nicod et al., in press ). The archaeological material is not very abundant but varied. It includes pottery, flint and bone tools, polished axes and spindle whorls. Among the ceramics vessels, perforated fragments suggest the presence of cheese-strainers (Nicod et al., 2008) .
The botanical analyses presented here cover a period between the end of the Early Neolithic and the Final Neolithic (around 5000- 2600 cal. B.C.), and mainly concern the Middle Neolithic, during the culture of the ''Chassé en ré cent'', around 4000-3700 cal B.C. (LYON-137/OXA-5370: 5030 AE 70 B.P., 3970-3660 cal B.C.).
All the archaeobotanical data come from the sheltered zone. Phytoliths and pollen were extracted from a dung sequence, S32, dated to the end of the Early Neolithic, the Middle Neolithic and the Final Neolithic. Macroremains were sampled in the same area, but from levels dated to the second part of the Middle Neolithic and the Final Neolithic (Fig. 3) .
Material and methods

Phytolith
Phytoliths are microscopic opal silica particles that form in living vegetal tissues. They are produced in great amounts in grasses (Carnelli et al., 2001 ), but they are also present in various other plant families. Due to their chemical composition, they can resist mechanical, physical or biological processes and are thus concentrated in herbivore faeces (Albert and Vilà , 2002; Brochier, 1983 Brochier, , 1991 Brochier, , 2002 Shahack-Gross et al., 2003) . Thirty samples from the trench S32 were processed. As a first comparison, one modern dung sample from a sheep flock (with a few goats), browsing on meadows has also been analysed.
In order to preserve spherulites, we avoided strong acids and only used hydrogen peroxide for phytolith extraction (Brochier, 2002) . Samples (one spoonful) were mixed with 30 ml of H 2 O 2 (30% vol.) during 30 min, washed with water and sieved through a 50-mm mesh in order to get rid of sand and other big particles, and then mounted and observed with a light microscope (magnification Â600-Â1000). When phytoliths were numerous enough, at least 200 particles with a characteristic morphology have been counted; in case of lesser abundance, the relative proportions have only been calculated when at least 100 particles were available (Delhon, 2005) . The quantification of spherulites is more problematical. These concretions can be very small (few microns), clustered and coated with an organic matrix. Only the bigger individual particles (more than 10 mm) have been counted in order to estimate the abundance of spherulites.
Pollen
Seventeen samples from the sequence S32 were prepared for pollen analysis. The samples were suspended in a sodium hexametaphosphate solution and sieved (1 mm mesh). Carbonates, silicates and organic matter were removed using hydrochloric acid, hydrofluoric acid and heating in potash. Pollen was concentrated using a dense solution (d ¼ 2) and 20 ml were then mounted on microscope slides. Pollen was identified under a light microscope, with a special attention paid to their aspect (corroded, burnt, broken, blunted, clustered pollen). Besides pollen and spores, the presence of microcharcoal and miscellaneous vegetal debris was noticed.
Charcoal and other plant macroremains
Macroremains were sampled as the horizontal excavation proceeded. The sample volumes varied between 1 and 23 l, depending on each layer's importance and homogeneity. They represent a total of 292.6 l for the charcoal (39 samples) and 180.1 l for the other macroremains (23 samples).
All samples have been wet-sieved using mesh-sizes of 4, 2 and 0.5 mm. The residues were dried in open air and the plant remains were sorted, either with the naked eye (4 mm mesh), or with a stereoscopic microscope with magnifications Â6.5-Â40 (2 and 0.5 mm meshes). Seeds, fruits and other plant macroremains were identified using the modern seed reference collection of the Institute for Prehistory and Archaeological Sciences (IPAS) at Basel University. Nomenclature follows Aeschimann and Burdet (1994) .
The wood charcoal fragments were sorted from the 4 and 2 mm meshes only. They were identified on the base of their anatomy (cellular structure), which is characteristic for most species. The charcoal fragments were observed under transverse, longitudinal and tangential sections with a reflecting light microscope (magnifications Â50-Â1000). They were identified using the collection of modern woods of the UMR 7041 CNRS in Nanterre and with the help of an identification atlas (Schweingruber, 1990) .
Results
Phytolith
The samples contain common morphotypes, such as grass elongate smooth, elongate sinuous, and bulliform phytoliths (respectively, elongate psilate long cells, elongate echinate long cells and cuneiform or parallelpipedal bulliform cells according to the ICPN's recommendations (Madella et al., 2005) ), as well as a few dendritic morphotypes, short cells and scarce papillae. Spherical forms from dicots (globular granulate, globular psilate) are numerous (Fig. 4) .
We also observed bigger fragments of grass epidermis made up of several elongate cells. These grass morphotypes are also present in modern dung assemblages; they will be called ''dung phytoliths'' in the following text. Cellular boundaries of these multicellular phytoliths are often fading, which prevents further identification.
All the samples contain spherulites, sometimes in great quantities, but the variation from one level to another is important.
The phytolith diagram ( Rivoire''. In comparison, these forms seem to be under-represented in modern dung. The grass phytolith spectra are dominated by morphotypes from vegetative parts of the plants, especially from straw, and to a lesser extent from leaves. The representation of inflorescences is low, but a few papillae and scarce dendritic morphotypes are present. The variations in the phytolith spectra are not linked neither to the age of the samples nor to their sedimentary features.
Correspondence analysis has been carried out in order to try to group together similar assemblages (Fig. 6 ).
The variables (Fig. 6a ) are organised on plane 1-2 as follow:
-Axis 1 separates grass phytoliths from dicot phytoliths. -Axis 2 organises grass morphotypes according to the part of the plant. Leaf morphotypes are on the positive side, straw morphotypes are around the origin and ear morphotypes are on the negative side. ''Dung phytoliths'' and spherulites are located between straw and ears.
The projection of the points representing phytolith samples on the same plane (Fig. 6b ) fails in forming coherent groups. All the points, except the one of the modern sample, are grouped together between the areas corresponding to tree, raw and leaf phytoliths. On the contrary, the modern assemblage is clearly related to ''dung'' and ''inflorescence'' groups and is the furthest from the ''tree'' area.
The modern sample contains much more grass phytoliths and less dicot phytoliths than most of the fossil samples, and also more spherulites than the average of the fossil sequence (Fig. 7) . The wide variation of spherulites along the Neolithic sequence and the fact that they are more numerous in the modern assemblage could be related to their preservation in the sediments.
Pollen and spores
The density of pollen in the sediment samples was highly variable: while some samples were sterile or substerile, others contained from 2000 to 10,000 pollen and spores per gram. Excluding the poorer samples, the pollen sum varied from 131 to 365 grains on the analysed slides, which is satisfactory for archaeological sediment. The number of taxa is low and varies from 5 to 22 (Table 2) . These variations are not linked with the sedimentary traits of the samples. Broken and/or corroded pollen grains were common and represented sometimes more than 50% of the remains. Moreover, pollen grains were often amorphous and/or dark brown in silt samples. Much vegetal debris was present on the slides. Among them, stomata are valuable archaeobotanical remains. These epidermal structures used for gas exchange (respiration, photosynthesis) are located on chlorophyllous organs, mainly leaves.
Trees represent more than 70% of the identified pollen and spores all through the sequence (Fig. 8) . Among them, three taxa dominate: fir (Abies), lime tree (Tilia) and hazel (Corylus). In the main part of the sequence, alder (Alnus) is also well represented, and the biodiversity is great: pine (Pinus), elm (Ulmus), juniper (Juniperus), box (Buxus), beech (Fagus), spruce (Picea) and birch (Betula) are present but scarce. Oak (Quercus) is only weakly represented in samples 97, 78 and 74. Herbs are represented by Poaceae, Plantago, Cyperaceae, Cichorioideae, Dipsacaceae, Chenopodiaceae, Centaurea, Rumex (Table 2) . Together, they only scarcely pass over 20%. Fern spores (mainly Polypodium) are regularly present, but in low amounts, contrarily to what is often observed in rock shelters used as sheepfold (Argant, 2001 ).
Clustered pollen of lime, fir and hazel, due to the presence of stamens, are numerous especially in the lower part of the sequence. The quantity of stomata observed is first high, but then decreases from sample 78, while fir, hazel and lime tree increase, in a context of lower biodiversity.
Charcoal
About 1730 fragments of charcoal have been identified. They belong to 32 different taxa (Table 3) corresponding to several biotopes mainly from the collinean and the mountain levels. Charcoal fragments are small and globally well preserved. They often correspond to pieces of twigs with a diameter ranging from 2 to 5 mm.
In spite of a very large biodiversity few taxa show a continuous curve (Fig. 9) . Yew (Taxus baccata) is the most frequently represented species (over 70% in some samples). It is often found as small twigs. Its curve seems to decrease in the middle of the sequence, but its weakest representation corresponds to the poorest samples, statistically unreliable. Nevertheless, its lower amounts match with the higher quantities of scots pine (Pinus sylvestris); it can be assumed that scots pine replaced yew, probably for the same purposes, during a short period in the middle of the sequence.
Deciduous oak (Quercus deciduous) shows a jagged curve including two maxima, at the bottom and at the top of the sequence, where it reaches more than 20% of the identified fragments.
Other plant macroremains
All plant macroremains have been preserved by carbonization. Almost 6600 remains (entire and fragmentary) were counted, with a fragmentation rate of almost 90% (Table 4) . Fifty-four taxa have been identified. The assemblage is principally composed of seeds and fruits, but other plant parts are also represented such as stems, bark, nutshells, buds, peduncles, leaf galls, etc.; thus it is not possible to compare taxa between them in a quantitative way. The value used for comparing the abundance of each taxon is the frequency of its presence in the samples (the percentage of samples including the taxon). The eight most important taxa appear in more than one-third of the samples (Table 5 ). They are: fir (A. alba) in the form of needles; mistletoe (Viscum album) in the form of bark; goosefoot (Chenopodium sp.) in the form of seeds; yew (T. baccata) in the form of seeds, needles and flower buds; elder (Sambucus sp.) in the form of seeds; dogwood (Cornus sanguinea) in the form of seeds; cereals (caryopses and chaff) including einkorn (Triticum monococcum), emmer (Triticum dicoccum), naked wheat (Triticum aestivum/ durum/turgidum) and barley (Hordeum distichum/vulgare); and moss (Bryophyta), in the form of stems (Fig. 10) .
According to Ellenberg (1991) , the phytosociological behavior of the different taxa makes it possible to distinguish several types of vegetation (Fig. 11) : domesticated plants (wheat and barley); forests' plants such as fir, beech (F. sylvatica), yew, holly (Ilex aquifolium), elm (Ulmus sp.), broad-leaved lime (Tilia platyphyllos); forest edges, clearings, hedges plants such as dogwood, hazel (Corylus avellana), blackthorn (Prunus spinosa), wild pear (Pyrus pyraster), raspberry (Rubus idaeus), elder (Sambucus sp.); riverbank plants like alder (Alnus sp.), willow (Salix sp.) and Betulaceae; weeds/ruderals such as goosefoot, plantain (Plantago sp.), knotweed (Polygonum sp.), dock (Rumex sp.) and stinging nettle (Urtica dioica). Other plants, mostly herbaceous, represented by isolated occurrences and Bryophyta, have been grouped together in the same category (miscellaneous).
Discussion
Landscape exploitation by neolithic shepherds
According to the biodiversity of the archaeobotanical assemblages, the shepherds from ''La Grande Rivoire'' visited several landscape units. They exploited a wide territory from the mountain area located above the shelter -where they found, among others, yew, beech, fir, scots pine and various Ericaceae -to the slopes and alluvial zones beneath -with deciduous oak forests and riparian vegetation (ash, willows, poplar.) .
The variety of identified species evokes a space extending beyond the immediate surroundings of the site. Plants were brought into the shelter, intentionally or not, by the people or the animals that stayed there. Thus, botanical data from ''La Grande Rivoire'' should be interpreted rather in terms of agro-pastoral practices than in terms of palaeoecology.
Agro-pastoral use of the gathered plants
The dung phytolith spectrum is characterised by a high proportion of dicotyledon phytoliths (i.e. broad-leaved trees). It clearly shows that livestock did not mainly feed on grass. Trees obviously predominate in pollen assemblages, especially fir, lime and hazel. Moreover we observed numerous leaf or stem epidermis fragments and clustered pollen that indicates, respectively, the presence of leaves and flowers in the shelter. The natural pollen rain is badly recorded, as shown for example by the quasi-absence of oak pollen 
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whereas the charcoal analysis as well as regional data evokes a declining deciduous oak forest (Argant, 1990; Ruffaldi, 1993; Thié bault, 1999 Thié bault, , 2005a . The wood fragments analysed mainly appear in the form of twigs and small branches, which suggests a particular use, different from that of fuel or timber. Wild taxa, in particular trees and shrubs, also dominate the macroremain assemblages. The samples contain an important concentration of fir needles and flower buds (oak, willow, elm, yew) as well as galls from Neuroterus quercusbaccarum that develop on deciduous oak leaves (Hayward and Stone, 2005) . According to all the proxies, the livestock fed mainly on trees and shrubs. These were either eaten by the animals in the pasture land, or, more likely, gathered and brought into the shelter by the shepherds. Oak, ash, lime and hazel are the most frequent species that could have been used as leaf fodder and/or as litter. These taxa are often found on archaeological sites bearing evidence of pastoral activities. Their over-representation in the archaeobotanical record is generally interpreted as the result of their use as fodder (Heinz, 1990; Laederich and Thié bault, 2004; Rasmussen, 1989; Thié bault, 2005b) . The archaeobotanical analysis of lake or marsh sites located at lower altitudes (400-500 m) has previously showed the use of tree or shrub twigs (alder, ash, beech, birch, hazel elm) as fodder: Saint-Blaise/Bains des dames (Hadorn, 1994) , Egolzwil 3 (Rasmussen, 1993), Horgen Scheller (Akeret and Jacomet, 1997; Akeret, 2002; Ebersbach et al., 1999; Nielsen et al., 2000) , Arbon-Bleiche 3 Haas, 2004; Kü hn and Hadorn, 2004) , Thayngen-Weier (Nielsen et al., 2000; Rasmussen, 1989; Robinson and Rasmussen, 1989) and Bodman-Ludwigshafen (Rö sch, 2002). These Fig. 10 . Carbonised plant macroremains from the neolithic dung level of ''La Grande Rivoire''; 1 and 2: buds; 3: Abies alba, needles; 4: Bryophyta, stem; 5: Sambucus nigra/racemosa, seeds; 6: Rubus idaeus, seed; 7: Viscum album, bark fragments; 8: Cornus sanguinea, seeds; 9: Triticum aestivum/durum/turgidum, grains. Scale: 1 mm (photo: L. Martin and P.-Y. Nicod). sites differ in many aspects from alpine caves and shelters. They probably correspond to practices of winter penning, while mountain sheepfolds seem to be occupied from the end of the winter or the beginning of spring (Argant et al., 1991) . Nevertheless, they show strong parallels that highlight the importance of leafy fodder during the Neolithic (Martin, in press).
Targeted gatherings for special uses?
The occurrence of fir in the form of charred needles and pollen clusters, while charcoal is scarcer, suggests an input of young branches into the shelter. Historically, fir is known to supply a good litter (Stuber and Bü rgi, 2002) .
We have also identified numerous fragments of charred mistletoe bark. This plant can be used as alimentary supplement and in a veterinary purpose. Indeed, it is galactogenic and thus favours the lactation of ewes (Lieutaghi, 2004; Vouillamoz, 1998) . Dairying is attested in ''La Grande Rivoire'' by the discovery of cheese strainer fragments in the dung levels.
The occurrence of yew in the form of twigs, seeds and flower buds is surprising given its presumed toxicity for sheep and goats (Rameau et al., 1993; Moret and Richoz, 2000) . Nevertheless, according to some authors, it can be used as a litter or as a fodder after progressive immunisation (Thomas and Polwart, 2003) . Such practices have been suggested for the Final Neolithic occupation of Horgen Scheller (Zü rich, Switzerland), where an important quantity of yew branches was associated with sheep/goats penning area (Favre and Jacomet, 1998) . The presence of yew could also be related to its insecticide, fungicide and antimicrobial properties (Erdemoglu and Sener, 2001; Daniewski et al., 1998) .
Conclusion
The first multi-proxy botanical analyses of Neolithic dung from ''La Grande Rivoire'' show that micro and macroremains assemblages provide a distorted picture of the surrounding vegetation. They rather reflect the use of the shelter for the penning of herds. They also indicate that the livestock kept there mainly fed on leafy and flowering twigs and branches of trees and shrubs. Some species could have been used as dietary supplement or event for medicinal purposes.
In general, a better knowledge of the use of vegetal resources is necessary to understand pastoral practices, and thus to draw the pattern of landscape management during the Neolithic. To broaden this question, multi-proxy analyses of botanical remains that proved to be efficient in pastoral sites should be extended to other contexts. Recent studies on archaeological and off-site sequences suggested that the management of trees, linked with pastoral activities, could have been a keystone of the economy during Vth and IVth millennia BC, having a strong impact on the natural landscape (Delhon et al., in press). 
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